Abstract. Low resolution spectra of 23 stars towards the bulge globular clusters NGC 6528 and NGC 6553 are analysed. Radial velocities and atmospheric parameters are derived in order to check their membership in the clusters. Effective temperatures were obtained from photometric data for stars with T eff > 3800 K, whereas for cooler stars, they were derived from equivalent widths of TiO bands. Calibrations of W(TiO) as a function of stellar parameters based on a grid of synthetic spectra are presented. Metallicities were derived from a comparison of the observed spectra to a grid of synthetic spectra. The sample comprises evolutionary stages from the Red Giant Branch to the Horizontal Branch, with parameters in the range 3200 ≤ T eff ≤ 5000 K and -0.5 ≤ log g ≤ 2.4. The mean metallicities obtained for NGC 6528 and NGC 6553 are [Fe/H] ≈ -0.5 and -0.7, in both cases with [Mg/Fe] = +0.3; assuming the same overabundance for the α elements O, Mg, Si, S, Ca and Ti, this gives [Z/Z⊙] = -0.25 and -0.45. Membership verification by means of low resolution spectra is a crucial step in preparing targets for high resolution spectroscopy with 8m class telescopes.
Introduction
The study of the stellar populations in the Galactic bulge is very important to constrain possible models of galaxy formation. In particular, the determination of the metallicities and abundance ratios of bulge stars, either from the field or in clusters, provides key information to help decide among the possible scenarios for the history of chemical enrichment of the Galaxy.
There are few previous studies of radial velocities and metallicity estimations of bulge stars from low resolution spectra. In the analysis of 400 field bulge stars by Sadler et al. (1996) , metallicities and [Mg/Fe] values were estimated. Minniti (1995a,b) studied the membership of stars towards 7 bulge globular clusters. o 54'27.9"). Ortolani et al. (1995) have shown that, besides being old, these clusters have luminosity functions which are very similar to that of Baade's Window, which indicates that they belong to the same stellar population.
NGC 6528 is located in the Baade Window, at a distance d ⊙ = 7.83 kpc from the Sun, and NGC 6553 is relatively close to the Sun, at a distance d ⊙ = 5.1 kpc ). As they are both located in crowded fields, the measurement of radial velocities of individual stars is of crucial importance for the determination of their membership in the clusters.
Both clusters are known to be metal-rich. However, there is no consensus in the literature regarding their detailed metal abundances. Recently, Barbuy et al. (1999) analysed high resolution spectra of two giant stars of NGC Cohen et al. (1999) , analysing high resolution spectra of five red horizontal branch stars, obtained a mean metallicity [Fe/H] = -0.16 and an excess of the α-element calcium to iron of about 0.3 dex, which imply an overall metallicity [Z/Z ⊙ ] ≈ +0.1. Metal abundances of these clusters are also discussed in Barbuy et al. (1999) and Barbuy (2000) .
In view of the disagreement between previous determinations of [Fe/H] , it is important that abundance estimations be extended to a larger number of stars of both clusters. In this paper, we determine radial velocities, effective temperatures, gravities and estimations of metallicities [Fe/H] based on low resolution spectra for 23 stars towards NGC 6553 and NGC 6528, and verify their membership in these clusters.
In Sect. 2 the observations are described. The radial velocities derived are presented in Sect. 3. In Sect. 4 the stellar parameters are derived, and synthetic spectra are compared to observations to estimate metallicities. Concluding remarks are given in Sect. 5.
Observations
Low resolution spectra of individual stars of NGC 6528 and NGC 6553 were obtained in 1992 August and 1994 June, at the 1.5m ESO telescope at ESO (La Silla). The Boller & Chivens spectrograph was employed. In 1992 August the Thompson CCD # 18 with 1024×1024 pixels, with a pixel size of 19 µm was used. A resolution of ∆λ ∼ 8Å and a spectral coverage of λλ 4800-8800Å were achieved. In 1994 June, the Ford Aerospace FA 2048 L, frontside illuminated, uncoated CCD detector (ESO # 24) with 2048×2048 pixels and pixel size 15×15 µm was used. The grating # 27 resulted in a spectral resolution ∆λ ∼ 4Å and a spectral coverage in the range λλ 4800-7550Å.
The log of observations is provided in Table 1 . The stars are identified according to the charts by Hartwick (1975) for NGC 6553 and van den Bergh & Younger (1979) for NGC 6528. Spectra of a given star were co-added by weighting their S/N ratios; the final S/N are indicated in Table 1 .
In Figs. 1 and 2 are shown the V vs. V − I ColourMagnitude Diagrams of NGC 6528 and NGC 6553 using data obtained with the Hubble Space Telescope (Ortolani et al. 1995) where the sample stars are identified.
Radial velocities
The radial velocities were determined by means of three methods, as explained below and reported in Table 2 . The observed radial velocities derived were transformed to heliocentric values using the observation dates given in Table  1 . (a) A Fourier cross-correlation was applied on the program spectra relative to selected template spectra. As templates, 12 G, K and M stars were selected from the Jacoby et al.'s (1984) library, which have approximately the same spectral resolution (4.5Å) of the sample spectra. The templates adopted were the ones closest in spectral type to each of the program stars. The spectra of both sample and template stars were normalized and different regions in the spectra were defined in order to give highest peaks of cross-correlation for each considered template. The results obtained with this method are given in column 2 of Table 2 . The r.m.s. of the values derived with each template spectrum is of the order of 15 km s −1 . A systematic effect was identified for the coolest stars, since all of them appeared to show lower velocities when compared to the hotter stars of the same cluster and these values were not considered.
(b) Mean shifts between the observed wavelengths of identified absorption lines and laboratory wavelengths were measured (column 3 of Table 2 ). The r.m.s. of the values derived is of the order of 15 km s −1 . (c) the code HALO (Cayrel et al. 1991 ) derives radial velocities by comparing the observed spectrum to a grid of synthetic spectra, using a cross-correlation technique. The grid of synthetic spectra available (Barbuy et al. 2001) does not contain stars cooler than T eff < 4000 K, and for this reason the errors should be higher for velocities of stars cooler than T eff < 3700 K in which TiO bands are pronounced.
Histograms of radial velocities of individual stars (coolest stars excluded) corresponding to each method were built. Gaussian curves were fitted to each histogram, from which the radial velocity corresponding to each method was derived, as reported in Table 3 together with values from the literature. An example of this procedure is presented in Fig. 3 for the cross-correlation technique using IRAF. The final radial velocities adopted for the clusters correspond to the mean of the values derived from the three methods. 4. Stellar parameters
Temperatures
The effective temperatures were estimated from B − V , V − I, V − K and J − K colours, based on the colour vs. T eff calibrations by Bessell et al. (1998) , which in turn are based on NMARCS models by Plez et al. (1992) and their grid extensions. These effective temperatures are listed in Table 5 . V and I colours were obtained with the Hubble Space Telescope (Ortolani et al. 1995) and J and K colours were obtained with the detector IRAC2 at the 2.2m telescope of ESO (Guarnieri et al. 1998) . For NGC 6528 the colour excesses adopted were E(V−I) = 0.68 and E(B−V) = 0.52 . For NGC 6553 E(V−I) = 0.95 and E(B−V) = 0.7 were adopted (Guarnieri et al. 1998 ). The V − K and J − K colours were dereddened assuming E(V-K)/E(B-V) = 2.744 and E(J−K)/E(B−V)=0.527 (Rieke & Lebofsky 1985) .
An independent method for the derivation of temperatures was based on calibrations of equivalent widths of TiO bands. The indices as defined in Table 4 were measured on
Fig . 3 . Histograms of radial velocities obtained for the stars with the cross-correlation technique using IRAF, where the gaussian fits are presented. The deviant point in the histogram of NGC 6528 is the star II 39, which is probably a non-member. 8 Zinn (1985) ; 9 present paper (cross-correlation method with IRAF; 10 present paper (mean wavelength shift with IRAF); 11 present paper (code HALO by a cross-correlation method)
the grid of synthetic spectra by Schiavon & Barbuy (1999) in the range of parameters 3000 ≤ T eff ≤ 5000 K, −0.5 ≤ log g ≤ 2.5 and [Fe/H] = −0.3. These indices are shown in Fig. 4 for a resolution of ∆λ = 8Å. Polynomial curves of the form T eff = f(W(TiO)) were derived and applied to the indices measured in the sample stars. The TiO indices are strongly sensitive to temperature for T eff ≤ 3800 K as illustrated in Fig. 5 . For T eff ≥ 4000 K a degeneracy appears due to the fact that TiO bands are not present at these higher temperatures.
A more general polynomial of the form log W(TiO) = (a + b log T eff + c log g
Fig. 4. TiO indices measured on the synthetic spectra as a function of effective temperatures. These measurements correspond to spectra convolved with FWHM = 8Å , valid in the range 2500 ≤ T eff ≤ 5000 K, -0.5 ≤ log g ≤ 2.5 and -0.5 ≤ Fe/H ≤ 0 was derived. The coefficients of the formula above are shown in Table 6 for convolutions of ∆λ(FWHM) = 4Å and 8 A. Table 5 . Effective temperatures based on calibrations of B − V , V − I, V − K and J − K colours (columns 2 to 5) and TiO indices (columns 6 to 8), and final values adopted. The discrepancy between the photometric and spectroscopic effective temperatures of II-51 might be explained by observations in different phases of the light curve of this probable red variable. The temperatures obtained and final values adopted are reported in Table 5 . Photometric temperatures were adopted for stars for which the TiO temperature T TiO ≥ 3800 K, whereas for stars with T TiO < 3800 K the mean of TiO temperatures were adopted. 
Gravities
Gravities were derived using the classical relation log g * = 4.44 + 4log Bessell et al. (1998) . For deriving M bol * we used the distance modulus adopting a total extinction A V = 2.43 for NGC 6553 and A V = 1.8 for NGC 6528 . The bolometric magnitude corrections were taken from Bessell et al. (1998) . The resulting M bol * and gravities are given in Table 7 . Taking into consideration the errors due to uncertainties in T eff and M bol the final error in log g is estimated to be of ±0.5 dex.
Metallicities
Spectrum synthesis calculations were used to fit the observed spectra. The calculations of synthetic spectra were carried out using the code described in Barbuy et al. (2000) where molecular lines of MgH
For atomic lines the laboratory oscillator strengths by Fuhr et al. (1988) , Martin et al. (1988) , Wiese et al. (1969) , and laboratory values compiled by McWilliam & Rich (1994) were adopted whenever available, otherwise they were taken from fits to the solar spectrum (see discussion in Barbuy et al. 1999) .
ATLAS9 and NMARCS models were employed. A grid of models using the ATLAS9 code (Kurúcz 1993 ) was created adopting a mixing length parameter α = 0.5 (see Barbuy et al. 2001) . NMARCS photospheric models for giants by Plez et al. (1992) and their unpublished extended grids were employed (see more details in Schiavon & Barbuy 1999) .
The metallicities were obtained based on two methods, both using synthetic spectra:
(i) The observed spectra were compared to synthetic spectra in the range λλ 5000-7500Å. The metallicities (ii) Comparisons with a grid of synthetic spectra in the wavelength region λλ 4600-5600Å, using the differences method as described in Cayrel et al. (1991) and Barbuy et al. (2001) , are carried out. In this method, the observed spectrum is divided by a reference synthetic spectrum. The resulting signal can be expressed as a linear combination of variations in temperature, gravity and metallicity. In conjunction with the grid of synthetic spectra, it is possible to establish the differences in T eff , log g and [Fe/H] 6 shows the fit to NGC 6528 I-1.
In Table 7 are listed the temperatures, gravities, [Fe/H] and [Mg/Fe] obtained with methods (i) and (ii). Note that method (ii) tends to give lower metallicities relative to method (i). This may be due to limitations of the grid of synthetic spectra, which is being extended to cover wider ranges of parameters.
The stars NGC 6528 I-5, NGC 6553 III-2 and II-95 are probable non-members, given that their atmospheric parameters are incompatible with their location in the Colour-Magnitude Diagrams of the clusters. The star II-51 appears to be too cool (Table 7) with respect to its CMD locus (Fig. 2) . However, considering that it could be a red variable, this star is tentatively classified as a possible member.
Mean metallicities of [Fe/H] = -0.5 for NGC 6528 and [Fe/H] = -0.7 for NGC 6553 were estimated from gaus- 
Conclusions
The study of individual stars in globular clusters along their evolutionary stages is of prime importance for an improved understanding of stellar evolution. Low resolution spectroscopy provides a means for the study of a large number of stars. In the present work we have measured radial velocities and estimated metallicities in 23 stars towards the globular clusters NGC 6528 and NGC 6553, which allows us to identify member stars. We also obtained their atmospheric properties to a first approximation. This is an important step before applying efforts to obtain high resolution spectroscopy with 8m class telescopes. The method presented here is also of interest for last generation multi-object instruments such as VLT-VIMOS. The stars were analysed by comparisons between their observed spectra and a grid of synthetic spectra. TiO equivalent widths were used to estimate effective temperatures of stars cooler than T eff ≤ 3800 K and a calibration of equivalent widths of TiO bands as a function of atmospheric parameters is presented.
Mean values of heliocentric radial velocities of v r = 234 km s −1 for NGC 6528 and v r = -1 km s −1 for NGC 6553 are derived.
Regarding membership, among the 23 stars observed we concluded that 4 of them are probable non-members. These are: NGC 6528 II-39, non-member due to a deviant radial velocity, and NGC 6528 I-5, NGC 6553 III-2 and II-95, non-members due to incompatibilities of atmospheric parameters vs. location in the Colour-Magnitude Diagrams.
NGC 6553 II-51 could be a non-member, or a red variable for which the spectrum was taken during a cool phase.
The basic stellar parameters derived show the interesting result that there is a trend for member giants of NGC 6528 to be more metal-poor than the two Horizontal Branch stars NGC 6528 I-23 and I-24, thus reproducing the discrepancy found between analysis of NGC 6553 giants by Barbuy et al. (1999) and Horizontal Branch stars by Cohen et al. (1999) . Given the errors involved in the analysis of low resolution spectra, these results have to be checked with high resolution spectra, and further studies of this discrepancy will be possible only with a homogeneous analysis of stars ranging from the red giant branch to the HB, and also employing different sets of model atmospheres all along the evolutionary sequence. 
